We discuss, in the framework of the spontaneously broken electroweak gauge theory, the connection between the two non-standard lepton conservation laws, i.e., the KonopinskiMahmoud (KM) scheme and the multiplicative scheme. For this purpose, we take SU(3) as a gauge group and start with KM triplets (f1.+, Y, e-)L and (e+, y e , f1.-h, We then point out that the idea of mass generation through the Higgs mechanism naturally gives rise to f1.-e mixing which, supplemented by the requirement of a f1.-e symmetry, results in a model of leptons which obeys the multiplicative scheme. This model also provides a mechanism for giving an asymmetrical masses to the electron and muon which otherwise behave symmetrically. An exten· sion of the model to include the heavy lepton and quark sectors is suggested. §
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The question of lepton-number conservation and violation has repeatedly received much attention, both theoretically and experimentally, 1) since the early days of discovery of the muons having interactions very similar to the electrons. In spontaneously broken gauge theories of electroweak interactions,2) this question is closely related to the so-called generation or family problem 3 ) and also to the problem of neutrino mass and neutrino mixing,4) which have been discussed intensively in recent years.
For definiteness, let us confine ourselves to electron, muon and their associated neutrinos, e~, f-I.~, lie and lip, and their antiparticles, (e~)c=e+, (f-I.~)C =f-I.+, lIec and lIpc.*) The standard lepton schemel) (referred to as Scheme A hereafter) assigns two kinds of lepton-numbers, i.e., electron-number Ne and and postulates that their algebraic sums be separately conserved in a reaction. Although the minimal 5U (2) x U(1) electroweak gauge model of Glashow, Weinberg and Salam (GWS),S) which is in accord with this lepton scheme, has enjoyed remarkable success phenomenologically,6) it does not explain why nature repeats itself with the electron family and muon family and why there is such a large mass difference between the electrons and the muons in spite of their identical couplings to other particles. Under such circumstances, we think it not meaningless to investigate if one can construct successful spontaneously broken gauge models of electroweak interactions on the basis of different lepton assignments and conservation laws. There have been two well-known different schemes. One is the multiplicative conservation law!),7) (referred to as Scheme B hereafter), which, besides conservation of the lepton number N = Ne + N p , postulates that product of muon-parity Pp for each particle be conserved in a reaction, where Pp is defined as the sign (~I)N,. The other, known as the Konopinski-Mahmoud scheme!),8) (referred to as Scheme C hereafter), assigns lepton number N = + 1 to e-, lJ and J-l+ and N = ~ 1 to e+, lJc and J-l-and postulates that the algebraic sum of N be conserved in a reaction. Both these schemes are phenomenologically very interesting in that they are less restrictive than Scheme A mentioned above. In other words, some of processes which are forbidden in Scheme A appear as allowed processes in Schemes Band C. (See § 5 for some relevant processes and their corresponding experimental upper limits). Schemes Band C also possess some theoretically attractive features. Scheme C is the most economical and somewhat intriguing in that it assumes only one kind of neutrino lJ and identifies lJ L as lJe and (lJC) L = (lJ R)C as lJ p, where lJ Land lJ Rare respectively left-handed and right-handed components of lJ, i.e., ( 
I)
At first sight, Schemes Band C seem entirely irrelevant to each other. Actually they are closely related, and to discuss this point and to demonstrate theoretical attractiveness of Scheme B in a gauge model framework constitute a main part of the present paper.
Obviously, the most straightforward way to construct a gauge model obeying Scheme C is to put e-, J-l+ and lJ into a triplet representation of some group. In § 2, we shall assign both (J-l+, lJ, e-)L and (e+, lJ c , J-l-)L to a fundamental representation of an 5U (3) group.*) Use of 5U (3) as a gauge group in this way possesses some nice features. For example, since there is no need to introduce an extra U(I)-group, only one coupling constant appears in the theory and the *) A classification of leptons and leptonic currents in terms of the 5U (3) group was given by Gatto before. 9) Our lepton assignment given in § 2 corresponds to his Case II. An electro weak gauge model based on the 5 U (3) group was discussed recently by Pugh. Weinberg angle fJw is predicted to be 30°,*) a value consistent with experiments. **) In § 3, we discuss generation of lepton masses through the Higgs mechanism. It will be shown there that we are naturally led to introduce an off-diagonal mass term which induces fl-e mixing and that requirement of fl-e symmetry results in an electroweak model obeying Scheme B as the lepton conservation law. Generation of gauge-boson masses through the Higgs mechanism is studied in § 4 and some phenomenological implications of the model are discussed in § 5. The final section is devoted to a summary and concluding remarks, and an extension of our model to include the quark sector will be given in Appendix B. § 2. 8U(3) electro weak model based on the Konopinski-Mahmoud scheme
Let us introduce two lepton triplets,
which, by assumption, transform under 5U (3) as
where 8a and /la (a = 1, "', 8) are infinitesimal parameters and the 3 x 3 standard 5U(3) matrices,12) respectively. From the free lepton Lagrangian density ***) (2'3) using the minimal prescription Apa (a=l, "', 8) being an octet of gauge fields, one obtains a gauge-invariant lepton-gauge-boson interaction:
*) In these respects, our model is similar to Pugh's mode!.!O) Similarity and difference between our and his models will be clarified in § 6. The 5U (3) x 5U(3) electroweak gauge model discussed by Weinberg") also possesses similar features. **) Experimentally,") sin' Ow =O.235±O.016. ***) The Lagrangian density (2'3) is equivalent to the expected one
since they differ only by divergence of a four·vector:
Bp(flR-YPfi.R-+ VRYPVR+ e-RYpeR-).
In terms of the charge eigenstates
Eqs. (2·4) and (2·5) can be written as and hence the mass of the W· boson is also fixed:
If one writes the effective neutral current· current interaction as z is given by
In order for our neutral current coupling to be consistent with the experimental observation 6 ) z2=1.00±0.019 ,
the mass ratio J.Lz/J.L w has to be properly generated. This question will be discussed in § 4. The interaction (2·4) or (2·7) contains two more terms which are not present in the standard model. Discussion of these couplings will be postponed until § 5. (and their hermitian conjugates), where dm (m=l, "',6) and dm' (m=l, 2, 3) are symmetric and anti-symmetric 3 x 3 matrices, respectively. We shall choose these matrices as follows:
and These are normalized as
Each term in Eq. where m, LlI , Ll2 and m' are arbitrary constants. To restrict these parameters, noting that the free and interaction Lagrangians, Eqs. (2' 3) and (2' 4) , are symmetric with respect to the interchange:
we require that the mass Lagrangian (3'4) be also symmetric under the operation (3'5). and gauging the scalar bosons in all other directions to zero, *) we get
(3'6) (3'7) (3'8) It is interesting to note that e-and 11-naturally mix and that the diagonalized states
/f(e--I1-) with mass ml'=(/fm+IZL1)if (3'9) are, respectively, symmetric and anti-symmetric with respect to the operation (3' 5) or (3' 5'). Therefore, if one identifies them with the physical electron and muon and denotes them again as e-and 11-respectively, and, correspondingly, *) In the present paper, we are not interested in the problem of neutrino mass. 
This implies that we arrive at a theory which obeys the mUltiplicative lepton conservation law (i.e., Scheme B). In fact, after rewriting, the currents (2·Sd), (2·Sc') and (2·Se') do not change their forms, while the exotic currents (2·Sa) and (2· Sb) now become /bac being the 5U(3) structure constant. 12) As shown by Li,13) with an appropriately chosen Higgs potential, one may spontaneously break the 5U (3) down to the desired 5U (2) x U(1). In our case, allowing ¢3 and ¢8 to develop non-zero vacuum expectation values in such a way as and gauging the rest of ¢a to zero, we get the mass term 
The total gauge boson masses are then *) Note that the octet Higgs scalars cpa do not couple to the leptons. Both are the "wrong" fL-decay, since the emitted electron will tend to be righthanded. From the measured electron asymmetry in polarized muon decay,14) one can set a lower limit to fLx:
The decay (5 0 5B 
If this result does not depend much on structure of relevant currents, it implies (5 0 S) a limit unfortunately weaker than the other one (5°6).
Y interaction
The interaction (5 ° 2) allows the reaction
and the muonium-antimuonium transition
in Model B. Present experimental limits 16 ) to these processes are considerably larger than the rate predicted by Eq. (5°2) with y=l. Therefore, practically no limit on fly exists at present, and a measurement of these processes constitutes one of the best ways to test the multiplicative lepton scheme. Finally, we note that the interactions (5 0 1) and (5 ° 2) contribute also to the "allowed" processes such as
and hence they need to be reanalyzed. § 6. Concluding remarks Our model construction may be summarized as follows: (i) We have taken 5U(3) as a gauge group and correspondingly introduced an octet of gauge bosons. Assigning both (f1+,!I, e-h and (e+, !Ie, f1-h to fundamental representations of 5U (3), an electroweak interaction of leptons which obeys the Konopinski-Mahmoud scheme and contains the standard charged and neutral currents with sin 2 8w = 1/4 has been constructed. (ii) The idea of mass generation through the Higgs mechanism has naturally given rise to mixing between f1 and e which, supplemented by the /J.-e symmetry, results in a weak interaction of leptons obeying the multiplicative conservation law. Remarkably, this also provides a mechanism for giving an asymmetrical masses to the electron and muon which otherwise behave symmetrically.
(iii) It has been shown that, by introducing two sets of Higgs scalars, one octet and one sextet, one may achieve a symmetry breaking pattern which is perfectly consistent with experiment.
It may be interesting to note that, if one starts with the following two triplets:
one will immediately obtain the currents (2·Sa'), (2·Sb'), (2·Sc'), (2·Sd) and (2·Se'). The assignment (6·1) is essentially the one adopted by Pugh 10) and hence our model naturally shares many nice features with his model. Up to this point, we have concentrated on the electron, muon and their associated neutrinos. Extension of the model to include the heavy lepton rand its associated neutrino !IT requires introduction of two more triplets (6·2) where !IT = !lL' and h is a fourth charged lepton. In this respect, our model is essentially different from Pugh's model. 10) It is not straightforward to extend our model of leptons so as to include the quarks. An example of possible extensions, which is compatible with the known low-energy weak interaction phenomenology and also takes account of the requirement that the whole interaction Lagrangian be anomaly-free,17) is given in Appendix B. Here we only mention that, obviously, the confined colored-quarks are not readily fitted to an 5U(3) electroweak gauge model.
In conclusion, we stress that our electroweak model possesses several new features which are not present in the minimal 5U(2) X UO) model. We also note that, although we have started with a model with the fewest number of leptons, we have ended with a suggestion of a model with a fairly rich spectrum of leptons and quarks. Finally, obviously, there are many problems left to be investigated in our model. For example, possible roles of Higgs scalars which are not gauged away should be clarified. The problem of neutrino mass and mixing is also quite interesting. We hope to discuss these and other topics in future publications.
Appendix A
In this Appendix we give the explicit form of the 6 X 6 matrices fa (a = 1, "', Here, dk' and Sk' are the Cabibbo-rotated states and similarly dk' and S k' are related to dk and S k. It is then easy to verify that the currents which couple to the W-and Z-poson contain parts which are identical to the standard SU (2) X U(I) quark currents with Ow =3(t and are relevant to the weak interactions of ordinary hadrons. On the other hand, those currents which couple to the X-and Y-boson only induce transitions between old and new quarks and hence do not give rise to such processes as
,LC+(A, Z)---> e++(A, Z-2), (A, Z)--->(A, Z+2)+e-+e-,
to which very stringent limits have been set by recent experiments. 19 )
